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The invention relates to block copolymers . containing at least 
one block predominantly derived from a vinyleromatic nono-er and at 
le^t one block predominantly derived fro. a conjugated diene. and 
.ore particularly to blook copolymers vhlch have shown an 
"tractive sensitivity to radiation curing and to radiation enable 
.ealant. coating and/or adhesive compositions containing said block 

ccpolymers^ ^ iwcntlon la relatin g to pressure 

..JTe idhr.lv. compositions containing these block copo^er. 
and providing attractive high temperate resistance ev^after low 

Nation dosages, — - - ^ J^^- to 
Pxon ti.. »lddl« .evades »ewr.l effort* «r. 
copoly-r. tfrt, t*>r~.« properties - 

u.or fox.. 1... en opti- b—" *«~ ^"' ln8 

(throughput) •»! n" 1 edheeiu. properties. 
Such effort* co b. derived fr» .... 

U.S. potent Ho. 4.152.211 dle.lo.ed . cured poly-r 

w r.«ur.. prepared by the redletlon curing of « ^ 
IZoeinen » - -« the poly«r coition 

eo»prl»lng: or rldul oonJug.t.d dl.ne 

(•) 100 P«f by weight •£ • " . ho^pely^r. of 

,.l,»r .elected fro. to. group coo.l.tlog of^ be. P 7- 
rX W »d dlenee. -t the hydr.,on.t.d derisive. 

„• rhtr. ^ 250 ^ to «lght .£ • —*«- reel.: - 



25 



30 



W93/24S47 



(c) from .bout 1 to about 100 parts by weight of a di- or tetra- 
functlonal acrylate or aet^rylate selected from P«v ; 
consisting of t^'"«criUc'"'»^"1ii^^ilc acid esters of 
polyols. 

5 The polymers to be used as component (a) were taught in column 

5 to be preferably consisting of a nucleus of a coupling agent or 
residue and a number of arms of substantially linear unsaturated 
poWs extending outwardly tharefrom. the number of arms varying < 
between 2 and 30 and preferably between from about 7 to about 15. 

10 star-shaped block copolymers to be applied could be 

represented by the formulae A-X(A) n and (AB) -X- (B-A V wherein n 
was an integer usually between 2 and 30 and wherein 1«« • 
coupling agent nucleus, preferably being a poly(vinylaro»atic 
ZlZ agent) nucleus and' more preferably a polyvinyl benzene) 

" ^ordi.g to column 3 cf said patent (lines 33-38) star 

polymers to be used should have peek -Cleculer weights between 
Lout 25.000 and 1.250.000 and preferably between ^ °00 -nd 
^O.OOO. a. det.r-ned .by ^tog^pny (CPC) on a 

20 polystyrene scale (apparent mol weights). 

20 P 7. line 55 f ,f . the di- to tetrafunctional ^«te 



In column 7. line 55 f .f . ... . y 

or methacrylate coupling agent, which should promote cross-linking 
of the base polymer during exposure to radiation were _ 
regarded as essential component in the adhesive composition, which 
could be cured by exposure to high energy radiation such as 
electron be** radiation or ultraviolet radiation _ 

I» column 9. lines 3-11. the amount of required radiation was 
indicated to be in the range of from 1 to 20 

preferably from about 2 megarad to about 10 megarads for electron 
loam radiation, whereas for OV radiation as suitable doses ~ 
mentioned those received by a 1.5 mil thick adhesive - 
. medium pressure mercury lamp rated at 200 Watts per inch at line 
spT.de of about 10 to about 800 f..t per minute and preferably fro. 
25 to 400 feet per minute. 
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U.S. patent No. 4,163,764 disclosed a process for the 
preparation of a coupled block copolymer to be used in adhesive 
compositions, which process comprises the steps of polymerizing a 
first monomer selected from monovinyl eromatic hydrocarbons under 
5 solution polymerization conditions, employing a hydrocarbon 
diluent, and a first effective increment of a hydrocarbyl 
nonolithium initiator. 

Subsequently to the still-living polymerization mixture - 
. resulting therefrom at least one second monomer, selected from 
10 conjugated dienes together with a second effective increment of a 
hydrocarbyllithium initiator were added, provided that second 
initiator increment is greater than said first initiator increment, 
and the polymerization was continued. 

Thereafter, the resulting polymerization admixture was treated 
15 with an effective anount of a coupling agent which was at least 
difunctional. whereby a mixture of coupled block copolymers were 
produced, which did not contain one predominantly occurring block 
copolymer, as will be appreciated from column 7. lines 63-68 and 
column 8, lines 20-65. 
20 It, will be appreciated by, a person skilled in the art that 

said U.S. patent did not contain any teaching to radiation curable 
adhesive compositions and in particular not to any enhancement of 
the sensitivity of a constituting block copolymer to UV or EB 
radiation curing. 

25 Moreover, according to the table in the top of columns 7 and 8 

the vinyl contents of the polybutadiene blocks in the initially 
prepared living block copolymers were < 9%. due to the intentional 
measures specified in column 2. lines 48,63. 

From the interrelated U.S. patents Nos. 4,391.949 and 
30 4 444.953 block copolymers and their particular utility in adhesive 
compositions were known. In particular block copolymers such a. 
KEATON D-1320X are described therein. 

The block copolymers showed the structure (A-B^ Y<C)z. 
herein A was a poly (wmoalkenyl) aromatic block. B and C were 
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poly (conjugated diene) polymer blocks, Y vas the residue of a 
multifunctional coupling' agent and plus z was greater than 6; 

Again no teaching to a person skilled in the art could be 
found as to radiation curable adhesive compositions and more in 
particular an enhancement in sensitivity to "UV or EB radiation 
curing of the block copolymer ingredient. 

On the other hand there was a general teaching during eeveral 
years to a person skilled in the art that block copolymers to be 
used in adhesive compositions, curable by radiation, preferably 
should contain polyiSoprene midblocks. with reference to the 
difficult control of the processability in hot melt adhesive 
compositions of poly(butadiene) containing block copolymers. 

In connection therewith the up to now cnly commercially 
available radiation sensitive styrenlc block copolymer had a 
15 polyisoprene midblock (KRATOH D-1320X). 

Hot melt and solvent based adhesive compositions, containing 
such^IS block copolymers or structurally similar midblock 
copolymers and being curable by radiation, were disclosed for 
example in J.R. Erickson. EB Curable Rubber Has More Heat and 
Solvent Resistance, Adhesive Age, April 1986. p. 22-24; D. de Jager 
et .1 Les Elastomeres Thermoplastiques A base de copolymer, bloc, 
styreniques et leur utilisation dans les edhesifs thermofusibles. 
Sroupement ds Promotion pour Is Connaissance des Plastiques. 
presented November 1989; J.R. Erickson. Experimental Thermoplastic 
Rubbers for Enhanced Radiation Crosslinking of Hot Melt PSA's, Hot 
Melt Symposium. May 1985. TAPPI. Technology Park/Atlanta pages 1. 5 
and 6; E.E. Ewins and J.R. Erickson. Formulating to Enhance the. 
Radiation Cross-linking of Thermoplastic Rubber for Hot Melt PSA's. 
June 1987. Hot Melt Symposium TAPPI » Atlanta , p. 35-49; E.E. Ewins 
and J.R. Erickson. Pressure Sensitive Adhesives, Formulating to 
Enhance the Radiation Crosslinking of thermoplastic rubber for hot 
. melt pressure - sensitive adhesivee. Tappi Jeu»d. June 1988. p. 
155-158 (presented at 1987 Hot Melt Symposium and 1987 Polymers. 
Laminations and Coating Conference); and D. de Jager. Developments 
in Styrenlc block copolymers and systems for Hot Melt Pressure 
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Sensitive Adhesives. 15. Munchner Klebstoff-u Veredlungseminar 
1990, p. 96-101 and especially p. 97-99. 

As general teaching could be derived by a person skilled in 
the art from these hereinbefore mentioned publications, that 
radiation curable adhesive compositions had to contain a. main 
ingredient block copolymers derived from styrene end . branched 
conjugated diene such as isoprene. that for chemically 
cross-linking in a desired cross-linking density at -o^" 1 
radiation doses by exposure to either electron beam (EB) ration 
or UV radiation, the adhesive formulation had to contain at least 
one supplemental multifunctional coupling agent such as was known 
, ro2 a . g . Radiation Curing of m's based cn Thermoplastic Rubbers. 

St. Clair. Adhesives Age. March 1990. p. 30-35 and in 
particular p. 35. and the, the selection of teckifying resins was 
considered I be of prime importance for obtaining the max^a 
amount of polymer cross- linking with a minimum of* 

Efforts to meet the major challenge in the design of radiation 

if b.l«el« th. ooho.lv. «d .dhoolo. " rM * th / rOP *" 1 ^ °* 
in e e U.S. patent Bo. 5,066,728. 

^ in T.ol.Clo« curdle oooposltlon.. h~i«s -*U*» 

^ .tarlba.-U- - - — of . o-l«l«- 

1L loco.* fro. polyisoP— or ,ivi«s rf.o to 

!r„.U* U~ on by roolotion. PrUortly — • — 

iiock r^r.f « *■ < ™ r.r 8 * 4 

a kev Problem of the prior art. namely preferential 

charge of improving the scnsicivtty ox 

t adiation curing in adhesive compositions was only led away from 
• the more conventional block copolymer structures. 
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It will be appreciated that due to higher environmental and 
economical requirements to be net by coating, sealant, adhesive 
compositions, comprising block copolymers of vinylaromatic and 
conjugated diene. and more particularly those radiation curable 
5 coating, sealant, adhesive compositions by minimizing the radiation 
dosage allowing an increase in line speeds and production rates or 
using weaker radiation, enhancing safety and decreasing environment 
charging, there is still an aim at developing improved coating, 
sealant, adhesive compositions and in particular those comprising 
10 block copolymers having a relatively simple structure and therefore 
relatively low manufacturing costs, and in particular those block 
copolymers which show an improved sensitiveness for uV or EB 
radiation when included in coating, sealant, adhesive compositions 
in combination with an attractive melt viscosity in order to reach 
15 the most preferred hot melt compositions. 

As a result of extensive research and experimentation there 
were now surprisingly found novel block copolymers, which appeared 
to have the above mentioned properties aimed at. when included in 
radiation curable coating, sealing and adhesive compositions and 
20 -ore in particular a pressure sensitive adhesive composition and 

more particular a pressure sensitive hot melt adhesive composition. 

Accordingly, one aspect of. the present invention provides 
novel block copolymers (AB) <B) X wherein A is a 

poly(vinylaromatic) block and B is a poly (butadiene) block, wherein 
25 X is the residue of a polyvalent coupling agent, wherein p has a 
number average value of at least 1.5 and q has a number average 
value of 0 or higher, the sum of the p and q values being at least 
4 the block copolymer having an average bound vinylaromatic 
content in the range of from 7 to 35 wt% and preferably in the 
30 range of from 10 to 20 wt%. and having a total apparent molecular 
" .eight in the range of fro* 50.000 to 1.500.000 and wherein the 

vinyl content in the poly (butadiene) blocks is in the range of from 
35 to 70% and preferably from 45 to 70%. 

It will be appreciated that the specified values of p and q 
35 have to be regarded as number average values, due to the occurrence 
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of a mixture of a series cf individual B olecules as obtained 
according to the hereinafter specified preparation methods. 

F~ ex-^le. in ease of a ratio between the initially prepared 
living polymers AB-Li and B-Li of about 1.0 and a te^alent 
coupling agent, the individual molecules in the polymer mixture 
will be <AB) 4 X. (AB) 3 BX. (AB) 2 (B) 2 X, (AB) (B) 3 X. <B> 4 X while 
<AB)«<B),X occurs in an amount of 37.5% (6/16). 

The polyC-onovinylaromatic) blocks -ay be derived from 
atV rene alphamethyl styrene. tert. -butyl styrene. 4-propyl 

£ i. P-"^"* " ""l., pur. 

Th. ,t.f.rr«l «~~r .tyron. « ~« »r.£.t*ly —° « » 

"„ f .~.a class .< « — «' •""^ e ^T"" t 
weignr xi» _ . p 5 ,000 to 12,000. 

„ lt r.— — — - — - rr,.rrrr 

residue of a tetravai*» r whereas the sum 

.f , and , val«» W^ *' "* *** t * ln »" £er,bly " 

. „* « cH... block copolyD*rs 

. * frTlOO 000 » 300,000 «* th. vinyl concent In th. 
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(a) polymerizing predominantly butadiene in the presence of a 
living poly(Bonpyinylaromatic) lithium compound A-Li, in which 
A represents a polymerized monovinyl aromatic block, in the 
presence of a modifier, so as to form a block copolymer 

5 A-B-Li, in which block B substantially comprises 

1,2-polymerized butadiene; 

(b) polymerizing predominantly butadiene in the presence of an 
organolithium initiator, RLi, wherein R being an alkyl group 
and in the presence of a modifier, so as to form a polymer 

10 block B-Li, substantially comprising 1.2 -polymerized butadiene 

molecules, and the molar ratio U between the initiator R-Li 
and the compound A-Li being in the range of from 0.875 to 
1.125 and preferably from 0.95 to 1.05, most preferably the 
ratio aimed at will be as near as possible to 1.0. 
15 (e) coupling the mixture of living polymer blocks A-B-Li and B-Li 
obtained by the polymerizations mentioned under sub (a) and 
(b) with a coupling agent X which is tetrafunctional. 
It will be appreciated that during the polymerization of 
predominantly butadiane 1» both <•> *« d < b >- a ^ifier is 

20 present, which causes increased vinyl contents (35-70%). Such vinyl 
contents in the specified range (35 to 70%) were found to increase 
the EB and/or the uV radiation sensitivity of the final 
composition. 

Modifiers to be suitably used for ihis purpose can be selected 
25 from the group consisting of ethers, amines and other Lewis bases 
and more in particular from the group consisting of dialkyl ethers 
of glycols. Most preferred modifiers are selected from dialkyl 
ether of ethylene glycol, containing the same of different terminal 
alkozy groups optionally bearing an alkyl supstituent on the 
30 middle ethylene radical, such as aonoglyme. diglyme. diethoxy 
ethane, 1-ethoxy, 2-tert.-butoxy ethane and the like. 

As suitable, organilithium initiators can be used one or more 
compounds selected from the group consisting of ethyllithium, 
n-propyllithium. isopropyllithium, n-butyllithium, 
35 sec-butyllithium, tert.-octyllithium. n-decyllithium, 
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n-eicosyllithium, phenyllithium, 2-naphthyllithium, 
4-butylphenyllithium. cyelohexyllithium, 4-cyclopentylbutyllittoium 
and the like, of which secbutyllithium or tert . -butyllithium are 
preferred. 

5 With the tern -predominantly butadiene" as used throughout the 

present specification is meant that also butadiene, which contains 
•mall amounts of other conjugated dienes or vinylaromatic monomers 
« 5 «t%) may be used for the beforedescribed po$neri*ation stops. 
An essential feature of the preparation of said most preferred 
10 coupled block copolymer is formed by the aim to obtain a reactive 
molecular structure. Which is stable under processing conditions. 

In order to obtain an exact as possible ratio 50/50 of poly- 
butadiene and poly(vinylaromatic> - poly(butadiene) arms, care has 
to be taken that exactly the same amount of the organolithium 
15 compound (eg. s-butyllithiua) for the initiation of the 

polymerization of vinylaromatic (styrene) and of butadiene 
respectively is added in order to reach an almost equal amount of 
living polymer chains of both types A-B-U and B-Li. 

As coupling agent to for* the finally desired star-shap** 
20 block copolymer composition, containing <AB> 2 B 2 X. any compound 

having four almost equally reactive sites can be used. Preferably 
Sitt, . SnCl, or DEAP or mixtures thereof can be used. 

It will be appreciated that another group of coupled radial 
block copolymers, showing the Improved EB or UV radiation 
25 sensitivity according to the invention can be advantageously used 
in solution pressure sensitive adhesives, coatings and sealings. 
which can be characterized by a molecular structure <AB) p (B) q X. 
herein A and B are as defined hereinbefore, wherein K is the 
residue of a polyvalent coupling agent , wherein p has a number 
30 average value of at least 1.5 and preferably in the range of from 3 
to 20 and more preferably in the range from 3 to 10. wherein q has 
a number average value of 0 or higher and preferably in the range 
from 0 to 10. wherein the sum of p and q values being at least 4 
and preferably more than S and more preferably in the range from 6 
35 to 20. and wherein the ratio p/(p+q) is 0.375 or more. 
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Said group of coupled, radial block copolymers can be prepared 
by a process which comprises: 

(a) polymerizing predominantly butadiene in the presence of a 
living polyCmonovinyl aromatic) lithium compound A-Li. in 
which A represents a polymerized monovinyl arene block, in the 
presence of a modifier, so as to form a block copolymer 
A-B-Li, in which block B substantially comprises 
1,2 -polymerized butadiene; 

(b) optionally polymerizing predominantly butadiene in the 
presence of an organolithium initiator RLi. wherein R being an 
alkyl group and in the presence of a modifier, so as to form a 
polymer block B-Li, substantially comprising 1,2 -polymerized 
butadiene molecules, and wherein the molar ratio U between the 
initiator R-Li and the compound A-Li is rather irrelevant: # 

15 (c) coupling the living polymers AB-Li , optionally mixed with 

living polymers B-U with a polyfunctional coupling agent X, 
whereof the functionality is at least 4 ar.d preferably in t*»_ 
range of from 4 to 20 end more preferably from 6 to 20. 
A more preferred subgroup of such coupled radial block 
copolymers is formed by a process which comprises both steps (a) 
and (b) as hereinbefore defined. 

The advantages obtained by application of the hereinbefore 
specified groups of block copolymers according to the present 

Invention are: . 
25 (a) improved EB or W radiation sensitivity as compared to the 
conventional, generally applied prior art block copolymers, 
like KRATOK D-1320X, which neans that less radiation energy 
per surface units is needed or higher processing speed and 
larger production volumes may be possible; 
30 (b) improved high temperature resistance is obtained after curing 
of the adhesive composition, comprising the block copolymer; 
(c) no additional separate cross-linking agents like acryiates 
etc. have been found to be necessary, which means signifi- 
cantly less danger for environment and human health (toxicity 
35 of adhesive composition); in combination with 
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-il- 
ea) simple structure of the block copolymer which cm be 

Zfactured with a coupling efficiency of 8 reeter than 95% in 
usual relatively simple equipment giving rise to a rather 
cheap block copolymer of a well-regulated structure. 
It will be appreciated that another aspect of the P-sent 
invention will be formed by solution and hot melt 
compositions. , preferred a^ct is formed by not meU adhesive 

of UV radiation curing) and optionally an 

20 tackifying resin that is comp 

(butadiene) blocks. accorat ng to the present 

'I ^1221 that the tackifying resin 
invention it has been touno P ach ieve low 

25 curin, *— f £. * ^ „ 0£Mo ^ point, 

m :r;:r.:L"».. — — • - 

The amount of tackltying 

Tfte awu. copolymer (phr). 

0 to 500 parts per hundred parts of bloc* 
35 preferably from 50 to 200 phr. 



WO 93/24547 



PCT/EP93/0t407 



12 - 



Optionally a modifying resin that is compatible with the 
poly (vinyl aromatic) blocks, nay be added as long as It does not 
appreciably hinder the radiation curing process as a result of 
nixing on a molecular level with the poly (butadiene) blocks. 
5 Compatibility is judged by the method disclosed in U.S. patent 

Ho. 3,917,607. Normally the resin should have a softening point 
above 100 'C as determined by ASTM method E28. 

The tackifiers are selected for their ability to tackify the 
elastomeric block and their compatibility therewith. 
10 However, in the present invention, it is preferable that the 

tackifying resin has a low level of unsaturation in order to 
achieve low dosage radiation curing of the composition. Mixtures of 
resins having higher and lower unsaturations and softening points 
may also be used. Examples of resins which are useful in the 
« compositions of this invention include unsaturated and hydrogenated 
resins, esters of resin,, poiyterpenes . terpene phenol resins, and 
polymerised mixed olefins with nydrogenated resins preferred. 

Examples of useful tackifying resit* are ESCOREZ 5300 series 
(ESC0REZ is a trade mark); REGALITE R91, R101. S100. S260 (REGALITE 
20 is a trade mark); REGA1REZ 1018. 3102. 6108, 5095 (REGALREZ is « 

trade mark); ZQNATAC Lite series like the Z0NATAC 105 Ute (ZONATAC 
is a trade mark); and the like. 

The adhesive compositions of the instant invention may also 
contain plasticisers such as rubber extending or compounding oils 
^ order to orovids wttitg action and/or viscosity control. These 
plasticisers are well-known in the art and may include both high 
saturated content oils and high aromatic content oils. Said 
plasticisers include not only the usual plasticixers but also 
embrace the use of olefin oligomers and low molecular weight 
30 polymers as well as vegetable and animal oil and their derivatives 
The petroleum derived oils which may be employed are relatively 
high boiling materials and preferably contain only a minor 
proportion of aromatic hydrocarbons (preferably less than 

30 percent and, nore preferably, less than 15 percent by weight of 

35 She oil). .. 
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Such oils .re for example SHELLFLEX 451. 4510 (SHEIXFLEX is a 
tr.de «rk); ONDlNa 68 (ONDINA is . tr.de m.rk); R1SEUA 68 
(RISELLA is . tr.de -rk); FRIMOL 352 (FRIHOL is . tr.de mark). 
UITCO 260 (WITCO is . trade mark); and the like . 
5 Alternatively, the oil nay be totally non- aromatic The 

oligomers -ay be polypropylene, polybutene. 
polyisoprene. hydrogenated polybutadiene . or the 

IS composition In oriel to Upe- «« *T ^ # 



20 107 



Th. Mount ot potrolw. ootivod » 

f „„ o t. *~ ioo pot, pt.f..»iy • - r* " T 

the bast results (i.e. a 
t«- be auoreeistet -na- ns"" . 

Ui . levad with ***** irradiation dosage) are 

5 satisfactory curve acaieved with mi Blas ticisers and 

,, v „ ,.>,« tackifving resins, the piastxcxse* 
achieved when, like the tsciary e optionally, it is .lso 

oils contain low levels of uus.tur.tion. .-idditionally. 
oils con aromatic content thereof, 

preferable to minimize *J*~ cont ain conventional 

The adhesive compositions may furtn 



thereof. 
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Stabilisers and oxidation inhibitors are typically added to 
the commercially available compounds in order to protect the 
ingredients against degradation during preparation and use of the 
adhesive compositions, however without interfering with the 
irradiation curing of the polymer. 

Combinations of stabilisers are often more effective due to 
the different mechanisms of degradation to which various polymers 
are subject. 

Certain hindered phenols, organo-metallic compounds, aromatic 
amines,aromatic phosphites and sulphur compounds are useful for 
this purpose. 

Examples of effective types of these materials include 
phenolic antioxidants, thio compounds and tris-<no«ylated phenyl) 
phosphites . 

Examples of commercially available antioxidants are 
"1RGAN0X 565" 2.4.bis.(n-octylthio>-6.(4.hydroxy.3.5-di-tertiary. 
butyl a»ilino).1.3.5.triazine. "I0N0L" 2, 6 -di- tertiary -butyl -4- 
methyl phenol. "IRGANOX 1010" tetrakis.ethylene-O.S-di-tertiary. 
hutyl.4-hydroxy-hydrocinnamate)methane. "I0N0X 330" 3.4.6-tris 
(3 5-di-tertiary-butyl-p-hydroxybenzyl)-l,3.5.tri«ethylbenzene and 

"POLYGARD HR" tris-(2,4-di-tertiary-butyl-phenyl) phosphite. 

in general from about 0.01 percent to about 5.Q percent by 

weight of ere or more «ti«ld»« is included in the adhesive 
composition. 

The adhesive compositions of the present invention may be 
prepared by blending block copolymers, tackifying resins and other 
desired ingredients at an elevated temperature, e.g. at about 
160 -C (hot-melt) using a 2 blade mixer or extruder or any other 
usual type of mixer for that propose. 

Adhesives of the present invention are especially suited for 
preparation as 100% solids hot-melt adhesives since they give 
relatively low processing viscosities, less than hundred thousand 
centiooise, and adeouate.pot life, up to, several hours . at 
processing temperature of about 150 »C to 180 «C. A preferred 
Jthod for processing is the use of an extruder to mix the adhesive 
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and feed the coating die as is disclosed in US patent 

So. 3,984,509. 

The compositions of the present invention are cured by 
exposure to high energy ionizing radiation such as electron bean 
radiation. 

The electron beam radiation or high energy ionizing radiation 
which employed to effect the cross-linking reaction can be obtained 
from any suitable source such as an atomic pile, an electron gun. a 
resonant transformer accelerator, a Van de Graaf electron 
accelerator, a Lineac electron accelerator, a betatron, a 
synchrotron, a cyclotron, or the like. Radiation from these sources 
will produce ionizing radiaticn such as electrons. P~™». 
neutrons, deuterons. gamma rays. X rays, alpha particles, and beta 

'"^cross-linking reaction is conveniently effected at ropm 
t a»oerature but it can be conducted at depressed or elevated 
temperature, b the spirlt and scope of 

temperatures if desirec. it is ^ 
Jinvantlon to eHecc tba <"«<°» * 

Lfl«. of an i«ert amosphar. Co pravant intarf.rano. in the 
^TcUlJ-r oro.a-ii.*in 8 . partlcuUrl, at an ~p...d -«^- 

Juiliiy. era.,™ "V - * tr ; adt " " 8 £ 

t.t« 1. utilirad as a ti.-l.y.r b.tvwn th... aubatrac... 
3^"it oro.a-UnV.in, ".ecu, is not conduced .ttMn 

r H «— co^oaltion surface contact and oovarit* a- 

£ .1 — ^ », - * «"~~" * 

*».o ^laase paper or to the substrate. 

iT-llt of irritation r.,uir.d to produo. a 
, ro r P .l pri-rU, npon tb. typa - "tton of *. .iota 
Lol Jar «^l.y«d and tha ^saturation laval pr.rant rn th. 

dosasaa of aiaotron baa. irr.di.tion.ra in 
"ad, P— ^ i Hrad ~ — 
6 Hrad and »r. pr.far.biy -out 1 Hrad to about I Hr.d. 
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The adhesive compositions may also be cured by exposure to 
ultraviolet radiation for a period of time sufficient to effect the 
desired anbunt of cross -linking. Ordinarily, when use of 
ultraviolet light is contemplated the adhesive composition will be 
5 formulated with from 0.2 to 5% of an ultraviolet sensitliing . 
component (photo- initiator) based on the weight of the adhesive. 
Any of the known ultraviolet sensitizing compounds may be used. 

Useful photo-initiators are 2 ,2-dimethoxy-2 phenyl 
ecetophenone, benzophenone . proplophenone. eyclopropyl phenyl 
10 ketone, acetophenone, 1,3.5-triacetyi benzene, benzaidehyde. 
tfcioxenthahe, anthraquinone. bet»-naphtyl phenyl ketone, 
beta-naphthaldehyde, beta-acetonapb*one; 2,3-pentenedione, benzil. 
fluoronone. pyrene. benzanthrone. anthracene and the class 
arylketones .ubstituted with morpholino and with hydrocarbyl thio 
15 groups such as disclosed In US patent No ? 4,582,862. 

A photo-initletor such as IRGAqOM 651 or IRGACURE 907 
(tradename of Ciba-Geigy) is preferred; 

It will be appreciated that the length of exposure will be 
dependent on the Intensity of the radiation, the amount and 
20 particular type of the ultraviolet .ensuing compound employed, 
thickness of the sdheslv* layer .etc': The photo- initiators may 
preferably be Included in an amount In the range of from 0.5 to 
parts by weight per 100 parts by weight of block copolymer and 
preferably in an amount in the range of from 1 to 4 parts by 

25 weight. 

A preferred use of the present formulation is in the 
preparation of pressure-sensitive adhesive (PSA) tapes or in the 
wnufacture of labels. The pressure sensitive adhesive tape 
comprises a flexible backing sheet and a layer of the adhesive 
30 composition of the Instant invention coated on one major surface of 
the backing sheet. The backing sheet may be a plastic film. P-per . 
or any other suitable material and the tape may include various 
other layers or coatings, such as primers, release coatings and the 
like, which are used in the manufacture of pressure-sensitive 
35 adhesive tapes. 
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The invention is further illustrated by means of the following 
axe-ples. however, without restricting the scope of the invention 
to these preferred embodiments. 
p™ r ,r*tion »f branched block copolymers (I-XII). 

To a first 5 1 reactor about 3 1 of cyclohexane were added, 
which was stripped during about half an hour with nitrogen. After 
addition of 150 g of styrene. the reactor contents were titrated at 
room temperature with a 12 wt% solution of sec .butyllithiu. (Bull) 
in cyclohexane. whereby any impurities present in the reactor 
al JLe vere scavenged. Hereafter 15.6 -mol BuLi were added and the 
.emperature was raised to and maintained at 50 'C. After about 
30 minutes the polystyrene) U block had been formed and tbe 
contents were transferred to a second It) 1 reactor, which had 
previously been charged with about 3 1 of cyclohexane being 
stripped with nitrogen during about half an hour and a varying 

of diethoxy ethane modifier and 350 g of butadiene which had 
previously been titrated with a rbutyllithium -solution ^ 
The temperature was raised to 50 -C. A predetermined 
additional amount of BuLi was added to the second reactor in 
add ,„ ml „. Q * soo » of butadiene was gradually 

5 varying amounts end an amount o~ suj % 

dosed ever about 30 minutes. _ 

Thereafter the second reactor was brought to and kept at 
80 -a " 7 lies of Sid, were added and the coupling reaction was 

performed in about 30 minutes. ^ ^^..thylphenol 

.5 After about 2 hours 10 g of 2.6-di-tert. outy / 

dded Hereafter the solvent was removed by steam stripping 

rri^ru- - — - - -? - <° - — 

5 ' 6 Tobtained branched block copolymers are listed in the 
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Estimation of properties : 

The hot-melt viscosity of an adhesive formulation containing 
the listed polymers was measured, as listed hereinafter in Tables 3 
and 4 in comparison to that one of KRATON D-1320X block copolymer, 
which was up to now preferably used in similarly composed radiation 
curable adhesive compositions. 



The adhesive composition used 
Block copolymer 100 pts 
FORAL 85 90 phr 

IRGANOX 1010 1 Pbr 



was composed as follows: 



Table 3 
Hot-melt viscosity 



Hot-melt viscosity 





at 180 # C 


after 3 hours at 180 *C 


Polymer 


(Pa.s) 


(Pa.s) 


I 


115 


120 


II 


53 


75 


III 


75 


105 


IV 


52 


70 


V 


40 


40 


VI 


117 


320 


KRATON D-1320X 


200 


380 
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Table 4 

Melt viscosity * * as 



333 


> 2000 


1900 


'> 2000 


> 2000 


> 2000 


127 


299 


828 


> 2000 


1690 


> 2000 


112 


125 



Polymer code after 30 after 180 » in - 

XI 
XII 
X 

viii • 

VII 
IX 

D1320X 

* The adhesive formulation used for -It viscosity -easement 
was composed 

ICO per polymer 
90 phr FORAL 85 (tradename) 
15 phr SHEIXFLEX 451 (tradename) 
2 phr IRGANOX 1010 (tradename) 

th. vi.City v., «.«ur. a „it» MRU THEBHOSEL 

(tradename). . _ . 

M..t of th." P0l3«r. »» firod » »• v.ry ,uM. «—r 

5 L,l concent (poly-r. IV «d V ».r. «-i «. »• -»-*••> • 
Th. poly" «r. co^ou**.* in ft*-*"*— 

Allows: « 

A radiation sensitive adhesive formulation to provide 
radiation curing, based on KRAT0N D-1320X block copolymer, was 
10 prepared according to the following recipe: 
Block copolymer 100 pts 
REGALITE R91 150 phr 

REGALREZ 1018 60 phr 

IRGACORE 651 3 P hr 

IRGANOX 1010 1 P hr 



This formulation was found to provide also very aggressive 

tack properties. •• " 

The polymers varying in vinyl content and having therefore 
different Tg, were not compounded into the same formulation. The 

5 amount of ingredients was adjusted to get the same mid-block Tg , 
than that of Hie KRATON D-1320 based formulation. However, and 
because the curing is done in the butadiene mid-block, the 
butadiene mid-block fraction present in the adhesive was kept 
constant (otherwise, an adhesive having a higher proportion of 

10 butadiene mid-block might be more radiation sensitive than another 
one). 

The Holding power at 95 «C are as follows: (this is a Holding 
power test carried out at a temperature Very close to the 
polystyrene softening point; it is therefore a very reliable test 
15 end unirradiated polymers do not resist longer than few seconds) 
The test was performed with 0.5 kg load on a 1 square inch 
surface after UV curing at 5 m/min under a Fusion D-Bulb. The 
samples were coated with 22 g/» 2 . The results are given as function 
of the dosage (or the number of passes) in Table 5: 



.J 




curing 


2. ?££!• 


' 2 Passes 




00 


(h) 


1 
II 
III 
IV 


0 

0.5 
3.3 
> 116 


4.2 
0.3 

> 280 

> 280 


V 


f > 116 


, > 280 


VI 




> 280 


KRATON D-1320X 


^0 


> 280 



■ 'it* 



3 



ft 

a 

■m 

i 
m 



1 



1 



.a 
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From previous test results it will be clear that polymers 1 
and II are outside the present invention as claimed hereinafter, 

The same test was performed on the samples IV, V and VI. but 
«ith a load of 1 kg per square inch. The results are as indicated 
in Table 6: 




1 Pass 
(h) 



2 Passes 
(h) 




Polymers 1 to VI were also compared to KRATON D-1320X by Shear 
Adhesion Failure Temperature (SAFT) af ter UV curing. The results 
are given as function of the dosage in Table 7. 



WO 93/24547 



- 24 - 
Table 7 
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C Pass 1 Pass 2 Passes 

<-C) CC) CC) 



I 


80 


103 


165 


II 


.79* 


112 


180 


III 


77 


128 


115 


IV 


99 


> 188 


> 185 


V 


75 


> 179 


> 185 


VI 


78 


154 


> 185 


KRATON D-1320 X 


77 


148 


157 


Using the following 


adhesive composition 


for UV and EB 


radiation: 








Polymer 


100 


pts 




FORAL 85 


90 


phr 




SHELLFLEX 451 


15 


phr 




IRGACURE 651 


3 


phr 




IRGANOX 1010 


2 


phr 




che polyners VII-XII verc taster- as to SAFT after curing, as 


in the tables 3 and 9. 







listed 
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Table 8 



SAFT f»C) af * r ™ «arir n a * * d * tesive compositions 



SAFT. *C 


UV-dose, nuaber of passes 


at 15 n/min 


Polymer S-B 


0 1 2 


4 * 


code content % 







XI 
XII 



VIII 
VII 
IX 



50 


80 


> 200 


> 200 


70 


101 


> 200 


> 200 


100 


115 


> 200 


> 200 



50 
70 
100 



79 
100 
103 



93 
151 
*158 



> 200 

> 200 

> 200 



> 200 

> 200 

> 200 

> 200 

> 200 

> 200 



> 200 

> 200 

> 200 

> 200 

> 200 



SMST (*C) after EB 



Table 9 

curing of adhesive impositions 



EB-dose.'Ksga-'ads 



Polymer code 



XI 
XII 
X 

VIII 

VII 
IX 



S-B 
content % 

50 

100 

50 

70 
100 



80 


109 


> 200 


101 


> 200 


> 200 


115 


146 


. . > 2°° 


79 


83 


85 


100 


113 


' 126 


103 


120 


137 
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It will be appreciated from the previous examples that a 
significant improvement in radiation sensitivity could be obtained 
with the polymers of the present invention as compared to KRATON 
D-1320X. 

5 Although some of these polymers e.g. VI. X, XI and XII appear 

to have high melt viscosities making them inappropriate for hot 
melt adhesive compositions, they can advantageously be used in 
solution pressure sensitive adhesive compositions due to their 
excellent radiation sensitivity.* 
10 The most preferred type of polymers, which can be used in hot 

melt adhesive compositions and which show a combination of low melt 
viscosity and attractive radiation sensitivity is represented by 
polymers IV and V. 
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CLAIMS 



1. Radiation sensitive block copolymers (AB) p (B) q X Wherein A is a 
poly(vinylaromatic) block and B is a poly (butadiene) block, wherein 
X is the residue of a polyvalent coupling agent, wherein p has a 
washer average value of at least 1.5 and wherein q hae a maker 
3 average value of 0 or higher, the sua of p and q values being .t 

least A. the block copolymer having an average bound vinylaromatic 
content in the range of from 7 to.35 vt% and preferably in the 
range of from 10 to 20 wt%. and having a total apparent molecular 
weight in the range of from 50,000 to 1.500,000. and wherein the 
10 vinyl content in the poly (butadiene) blocks is in the range of from 

35 to 70%. . 

2 Radiation sensitive block copolymers according to claim 1. 

characterized in that the blocks A are derived from styrene as main 

eonpcment. 

15 3. Radiation sensitive block copolymers, according to claims 1 
and 2, characterized in that the B blocks have an apparent 
molecular weight in the range of from 15.000 to 250.000 and 
preferably from 25,000 to 80.000 and the A blocks have an apparent 
molecular weight in the range of from 5.000 to 125.000 and 

20 preferably from 7 .000 to 50,000 and more preferably from 9 .000 to 

12,000. , , , 

4 Radiation sensitive block copolymers according to claims 1-3. 

having the structure (AB) (B) X> wherein X is the res: :us of a 
tetravalent coupling agent, wherein p end q both have a number 
25 average value in the range from 2.5 to 1.5. whereas the sum of p 
and q values being 4. 

5 Radiation sensitive block copolymers according to claim 4, 
wherein p and q both have a number average value of from 2.1 to 
1.9. 
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6. Radiation sensitive block copolymers according to claims 4 and 
5, characterized In that they have a total apparent molecular 
weight in the range of from 200,000 to 300,000. 

7. Radiation sensitive block copolymers according to claims 4-6, 
characterized in that the vinyl content in the poly(butadlene) 
blocks is in the range of from 45 to 70%. 

8. Radiation sensitive block copolymers according to claims 1-3, 
characterized in that p has a number average value of at least 1.5 
end preferably in the range of from 3 to 20 and more preferably in 
the range from 3 to 10, vherein q has a number average value of 0 
or higher, and preferably in the range from 0 to 10, the sum of p 
and q values being at least 4 and wherein the ratio of p/(p*q) is 
0.375 or more. 

9 Radiation sensitive block copolymers according to claim 8, 
15 wherein the sum of p and q values is more than 6. and preferably in 
the range from 6 to 20. 

10. Process for the preparation of radiation sensitive block 

copolymers according to claims 4-7, comprising: 

< e > polymerizing predominantly butadiene in the presence of a 

living poly(monovinylaromattie)llthium compound A-Li, in which 
A represents a polymerized monovinylaromatlc block, In the 
presence of a modifier, so as tO ( f orm a block copolymer AB-U, 
In which block B substantially comprises 1 , 2-polymerized 
butadiene; 

25 (b) polymerizing predominantly butadiene in the presence of an 
organolithium initiator. RLi, wherein R being an alkyl group 
and in the presence of a modifier, so as to form a polymer 
block B-U. substantially comprising 1.2 -polymerized butadiene 
• «olecules. and the molar ratio u between the Initiator R-U 
end the compound A-U being In the range of from 0.90 to 1.10 
and preferably from 0.95 to 1.05. most preferably the ratio 
aimed at will be as near as possible to 1.0; 
(c) coupling the mixture of living polymer blocks A-B-Li and B-U 
obtained by the polymerizations mentioned under sub (a) and 
35 (b) with a coupling agent X which is tetrafunctional. 



20 



30 
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11. Process according to claim 10, characterized in that exactly 
the same amount of the organolithium compound for the initiation of 
the polymerisation of styrene and of butadiene is added. 

12. Process according to claims 10 and 11, characterized in that 
5 as coupling agent SiCl 4< SnCl 4 or DEAP or mixtures thereof are 
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1?,. Radiation curable sealant t costing or adhesive compositions, 
comprising as main ingredient one cr rsore block copolymers 
according to claims 1-9. 

14. Radiation curable adhesive compositions, comprising one or 
more block copolymers according to claims 1-9 in addition to one or 
more usual ingredients such as tackifying resin, extender oil, 
plasticizer, petroleum derived waxes, antioxidant, photosensitizer 
and a poly(vinylaromatic) block modifying resin. 
15 15 Radiation curable hot melt adhesive compositions characterized 
in that they comprise one or more of the block copolymers according 
dates 4-7 . 

16 Radiation curable solution adhesive compositions characterized 
in that they comprise one or more of the block copolymers according 

20 to claims 8 and 9. 

17 UV radiation curable adhesive compositions, comprising in 
addition to one or more block copolymers according to claims 1-9, 
at least one photo -initiator selected from 2.2 dimethoxy- 2 -phenyl 
acetophenone, benzophenone . propiophenone . cyclopropyl phenyl 

25 ketone, acetophenone; 1,3,5-triacetyl benzene, benzaldehyde. 

thioxanthane, anthraquinone . bete naphtyl phenyl keten*, beta 
naphtaldehyde, bet^acetonaphtone, 2,3-pentanedione. benzil. 
fluoronone. pyrene. benzanthrone. anthracene ; and the class 
arylketones substituted with morpholino and with hydrocarbyl thio 

30 groups. 

18 UV radiation curable adhesive compositions according to 
claim 17. comprising IRGACURE 651 or IRCACORE 907 as photo- 
initiator. 

19 UV radiation curable adhesive compositions according to 
claims 17 and 18. characterized in that the photo- initiator has 



35 



§ 
m 

m 
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been included in an: amount : t^^rmg^'^ of frpm 0.5 t» 5 p«ts ^ - 
weight per 100 parts by wigtit of • wibdk copolymer Mid prefe^^Jto 
the radge of from 1 to 4 parts by velgjit. , 
20. Pressure sensitive curable ti^s. or labels, comprising *■>■,):.■ 
flexible backing sheet and a U$$t}o£ the adhesive compoaltion 
accorditig to claim 13-19. coated on one major surface of the v 
backing sheet. 
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